UNCLASSIFIED

- DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION ALEXANDRIA. VIRGINIA

UNCLASSIFIED



EE e o Rt .

NOTICE: When govermment or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corpora*ion, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



De OFFICE OF NAVAL RESEARCH
on Contract Nonr-1866(36)

E_-_J © TECHNICAL REPORT
=

>

)

Q ~

et O THE REACTION OF ATOMIC HYDROGEN WITH FORMALDEHYDE

S

==

= o

) <

W. Brenmnen, 1. D. Gay, G. P. Glass and H. Niki

Submitted to

JOURNAL OF CHEMICAL PHYSICS

Department of Chemistry

Harvard University o i

G ‘;: - e H
Cambridge, Massachusetts 02138 “rﬁgfa Y
wogues Y
my’ 1965 ‘1{5‘: el _. ,‘..C\."

Reproduction in whole or in part is permitted for any
purpose of the United States Govermment.

S L R e ki R



Contribution from the Gibbs Chemical Laboratory
Harvard University

Cambridge, Massachusetts

THE REACTION OF ATOMIC HYDROGEN WITH FORMALDEHYDE

*
W. Brennen, I. D. Gay, G. P. Glass and H. Niki

*Present Address: National Bureau of Standards
Washington, D. C.




THE REACTION OF ATOMIC HYDROGEN WITH FORMALDEHYDE

The reaction of hydrogen atoms with formaldehyde
is of importance in both the photolysisl’2’3 and the pyrolysis
of formaldehyde. It has been postulated also to occur in
formaldehyde oxidation.s The rate of the reaction has been

estimated from the results of the pyrolysis reaction,a and

4

the relative rates of the reactions of atomic hydrogen with
formaldehyde and deuterium have been measured by photolysis
of formaldehyde, deuterium mixtures.z’3 '
ment has been made, however, since 1936 when Geib6 estimated
the activation energy for this reaction to be less than

5.7 kcal/mole.

No direct measure-

We have studied the reaction directly in a fast
flow system. Hydrogen atoms were generated with a microwave
discharge in a 10% mixture of molecular hydrogen in helium
at a pressure of 1 - 2 mm Hg, and formaldehyde was admitted
to the reactor downstream of the discharge. The course of
the reaction was followed with a time-of-flight mass spectrometer.
Details of the apparatus and techniques used have been published
previously.7 Gaseous formaldehyde was produced by distillation '
from polyoxymethylene, stored at 60°C in a heated 1 liter pyrex
bulb and handled in heated lines.

The only major product observed was carbon monoxide.
Under all conditions studied the number of molecules of carbon
monoxide formed was equal to the number of molecules of
formaldehyde that had reacted. The only other possible product,
molecular hydrogen, could not be observed above the large
excess of undissociated hydrogen remaining after the discharge.

The reaction was found to be first order in both
atomic hydrogen and formaldehyde concentrations and can be
represented well by the following scheme:




k

H o+ HyCO —25 H, + HCO AH = -27 keal/mole (1)
k)
H + HCO — H, + CO AH = -81 kcal/mole (2)

provided the rate of reaction (2) is greater than that of
reaction (1). At room temperature the unimolecular decomposi-
tion of HCO, which occurs at higher t:emperatures?’3 is too

slow to be of importance.8

Figure 1 shows log,, [H,C0] plotted as a function
of the distance between the formaldehyde inlet and the mass
spectrometer pirhole in two mixtures, both containing a
sufficient excess of atomic hydrogen for its concentration
to remain almost constant throughout the reaction. Since the
linear flow speed is constant, this distance is proportional
te the time of reaction. The ratio of the hydrogen atom
concentrations present in these two experiments was 1.95.

The ratio of the slopes was measured as 1.96, which shows

that the reaction is first order in hydrogen atoms as well as
in formaldehyde. Figure 2 (a) shows a similar plot of the
decay of atomic hydrogen concentration in a mixture containing
a2 very large excess of formaldehyde. The rate constant kl

was estimated from such plots to be (4.4 + 1.2) x 1014
cule-sec. A iSZ correction has been applied to this value to

cc/mole-

account for the effect of diffusion of hydrogen atoms. The
correction was estimated by a procedure similar to that used
by Schulz and LeRoy.9 A graph of both hydrogen atom concentra-
tion and ([CO] - [CO]) as a function of reaction time is
shown in Pig. 2u(b) on a semi-log scale. The subscript =
indicates an extrapolation to infinite reaction time. Since
the two curves are parallel, the rate of formation of CO must
be equal to the rate of removal of hydrogen atoms. This shows
that reaction (2) is fast compared to reaction (1) and that




very little formaldehyde is reformed by addition of hydrogen
atoms to HCO.

Our value for the rate constant is smaller than the
value of &4 x 10-13 cc/molecule-sec. obtained by extrapolation
of the photolysis data3 from 600°k. This suggests that the
activation energy may be slightly higher than the value of
2.0 kcals/mole given previously.3
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FIGURE 1

FIGURE 2

FIGURE CAPTIONS

The concentration of formaldehyde as a function
of reaction time for two mixtures containing a
large excess of atomic hydrogen.

The concentrations of various reactants and
products as a function of reaction time in
formaldehyde rich mixtures. Linear flow |
speed = 640 cm/sec. 1In (a) [Hch] =1.1x
10'? molecules/cc. In (b) [H,CO) = 7.5 x

10!* molecules/cc.
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